Background. Wound dehiscence is a life-threatening complication with the mortality rate up to 25 %. The objective of this study is to identify the risk factors for wound dehiscence after midline laparotomy in adult population. Methods. The case control study of patients, operated from January 2012 to May 2016, was performed. Patients, who underwent repeated laparotomy for wound dehiscence, were the cases group. Each case was matched by 3 control group patients undergoing similar primary operation. Following characteristics were observed: demographic, past medical and social history, concomitant diseases, intraoperative details, postoperative outcomes and were compared between the groups. Difference was significant, if p value was less than 0.05. Results. 100 patients were included in the study. There were 25 (25 %) patients of the cases group and 75 (75 %) patient of the control group. The majority of the patients were males (69 %). The mean age was 66.7 ± 10.8 years. Three risk factors were identified in the univariate analysis: male gender (88.0 %), wound infection (56 %) and cardiovascular diseases (88 %) for wound dehiscence with the mortality rate of 20 %. Conclusions. Wound dehiscence is a serious complication with a high mortality rate. The identification of preoperative and early postoperative risk factors may allow preventing and reduce the rate of wound dehiscence.
Introduction
Abdominal wound dehiscence or evisceration is a postoperative wound sutures loss of tightness with the separation of wound edges of the abdominal wall. Moreover, it is lifethreatening complication and the incidence increases within the age up to 10 % among the elderly with the mortality rate up to 25 % [1] [2] [3] [4] . The treatment of wound evisceration may be dual: conservative or surgical treatment. The latter is the most common option with urgent repeated midline laparotomy and revision. In order to avoid and reduce the rate of wound dehiscence, the need of risk factors identification is mandatory. Several clinical studies indicated some risk factors which might lead to wound dehiscence during postoperative period [2, 5, 6] .
The aim of this case-control study is to identify the risk factors of wound dehiscence after midline laparotomy in adult population.
Methods
The case control study of the patients, operated from January 2012 to May 2016, was performed. Patients, who underwent repeated laparotomy for wound dehiscence, were the cases group. Each case was matched by 3 control group patients undergoing similar primary operation.
Following characteristics were observed [8, 9, 19, 21] : demographic (age, gender), past medical and social history (the usage of steroids, the habits of smoking and alcohol usage), concomitant diseases (diabetes, cardiovascular and chronic pulmonary diseases), laboratory tests of hyperglycemia, uremia and coagulopathy, the type of main disease (benign or malignant disease), intraoperative details, postoperative outcomes (wound infection, ascites, peritonitis, sepsis, length of hospital stay) and were compared between the groups. The final result of the treatment was assessed to determine a mortality rate for the patients after abdominal dehiscence closure.
For statistical calculations and result comparison univariate and multivariate analysis methods were used to compare means in groups to determine connection to wound dehiscence. Each observed attribute were evaluated with chi
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Results
Case-control study included 100 patients. There were 25 (25 %) of the cases group and 75 (75 %) patients of the control group. The mean patient age was 66.7 ± 10.8 years, with a range of 20 -87 years. The majority of the patients were males (69 %). Overall, the 11 (44 %) of the patients had full wound dehiscence, whereas 14 (56 %) of the patients had partial wound dehiscence in the cases group. The mean time to occur wound dehiscence was 7.0 ± 2.8 days, with a range of 1 -12 days after primary operation. All patients of the cases group were revised and resutured during the first 24 hours after noticing a complication. Nevertheless, 1 (4 %) patient had a recurrence of wound infection. The mortality rate was 20 % in cases group. There were no statistically significant percentage difference according to the type of the operation between the cases and control groups. The detailed information is shown in Table 1 .
The general risk factors and outcomes with the odds ratio and the 95 % confidence interval are presented in Table 2 and Table 3 . Three risk factors were identified in the univariate analysis: male gender (88.0 %), wound infection (56 %) and cardiovascular diseases (88 %). The majority of wound dehiscence occurred for patients over 60 years old. Nevertheless, the results were not statistically significant.
Discussion
This study was performed to investigate the influence of different factors for wound dehiscence development in adult population which may result in higher risk for complication to occur and poor treatment results. Findings showed that the cause of wound dehiscence may be multifactorial. In our study to clarify the risk factors we found that males have a higher risk for dehiscence to occur in comparison to females. Also cardiovascular diseases and postoperative wound infection have major impact to increase risk for wound dehiscence to occur.
As our main strengths for this study we consider summarized list of possible risk factors for wound dehiscence in one medium scale study as we compared each one. Also this study was completely randomized meaning that no group was composed of patients who underwent operation during our given time period without excluding patients who had attributes relevant to study but outcome might have had a negative impact to statistical relevance [10, 11] . We chose retrospective view for our study excluding prospective study to see if our results may vary in comparison to prospective method [14, 15, 19] . Also we decided to concentrate on To ensure minor clinical errors for every case both in research group and control group we analyzed laboratory characteristics examined for routine diagnostics including specific ones for a given case's diagnosis. We observed the most serious conditions for postoperative period that may have major impact in our case-control study. Also we tried to take a closer look at endocrine, respiratory and cardiovascular systems in our search to determine an influence of concomitant diseases [13, 17] . In our study we chose only 100 patients overall in which 25% were case group patients so as a result we believe that more accurate relevant results may differ if groups were to be expanded of shrunk by significant number of patients. We believe that factors we state as significant and relevant may not change too much but we consider a possibility that some factors who were scarce in groups may become relevant if observed case numbers were to increase meaning that no factor provided in this article was to be interpreted with caution. As we took a closer look to concomitant diseases we had really wide interval of diseases in respiratory and cardiovascular. And evaluation of diseases sorting them by severity or occurrence rate in general population was too complicated for our small number of cases observed to expect a closest accurate result. In this case we chose to look for a different approach and decided to group concomitant diseases according to a system it belongs to meaning that we can't state which condition has the most and which has the least impact for wound dehiscence. We applied this model to respiratory system observing chronic pulmonary diseases and cardiovascular diseases. As follows diabetes was the only endocrine condition for all cases included in this study.
We discovered that male gender has a bigger impact for wound dehiscence in comparison to female gender, yet we think that this significance is multifactorial and mechanism why men have a higher occurrence rate compared to women depends on various other physiologic differences between genders. We would like to imply that men should be considered as patients with higher risk for wound dehiscence moreover if they are sever patients. Cardiovascular disorders as they are connected to poor blood perfusion for tissues lowering their ability to regenerate in physiologic conditions meaning that any cardiovascular disorder that has influence to normal blood flow and protein, carbohydrate, fat acids and etc. transmission is a risk factor concluding in tissue hypoxia and malnutrition. Wound infection may be defined bringing up main phases influenced by bacteria and toxins they excrete. In the inflammatory phase, bacteria and necrotic tissue are phagocytized, and inflammatory factors are released that cause the migration and division of cells involved in the proliferative phase. The proliferative phase or angiogenesis, process with collagen deposition, granulation tissue formation, cell growth, and wound contraction. Toxins and local inflammation overall colonization of bacteria slows regenerative process and most important wound contraction [21] .
In comparison to other studies we refer to we found no topical significant difference in results or observed parameters. So in result we think that all the past work done on dehiscence risk factors topic is still relevant and not much has changed in past 10 years considering prognosis, diagnostics, treatment and prevention of abdominal wound dehiscence.
For any future study on risk factors for wound dehiscence in adult population the more in depth look into specific cardiovascular diseases and how different disorder may influence development of complication might provide more aspects as per which one has most impact and which has the least impact in abdominal dehiscence.
Conclusions
Wound dehiscence is a serious complication with high mortality rate of which preoperative and early postoperative risk factors identification may allow to take measures to prevent or minimize the associated complications. In this case-control study following risk factors were identified to have a negative impact on wound dehiscence development: male gender, wound infection, cardiovascular disorders. Table 3 . Outcomes, which might lead to wound dehiscence
